Background
Introduction
Millennium Development Goal number five, which calls for improvements in maternal mortality, was expanded in 2007 to explicitly include universal access to reproductive health services [1] . Reproductive health services address a broad range of issues such as maternal health, contraception, unintended pregnancy, safe and unsafe abortion, sexually transmitted infections (STIs), including HIV/AIDS, reproductive cancers, and sexuality generally [2] . However, many countries struggle to provide adequate access to even a limited package of services.
Access to healthcare has been described as having a number of dimensions: physical accessibility, financial affordability, and acceptability [3] [4] [5] . Physical accessibility is a major challenge globally for individuals in rural areas. For example, in South Africa, a nationally representative household survey showed that living in a rural area was a major factor contributing to poor access to health care [6] . Another study in South Africa found that households within a 30-minute walk were 10 times more likely to use the local clinic than households 90 to 120 minutes' walk. Using mobile units, such as mobile vans, for delivery of health services is one option for addressing rural access.
Cervical cancer screening is a critical reproductive health service that is often unavailable to women in under-resourced settings. Cervical cancer is the fourth most common cancer in women globally; there were an estimated 528,000 cases diagnosed and 266,000 deaths from cervical cancer worldwide in 2012 [7] . In South Africa 30-40 per 100,000 cases are diagnosed each year as compared to less than 10 per 100,000 cases per year diagnosed in the United States [7] . The high incidence in the country is attributed to limited access to screening programs, a requirement for multiple clinic visits for women attending services, limited capacity in terms of skilled laboratory technicians, and limited time in busy clinics [8, 9] .
National statistics also mask acute problems in some areas and among certain populations. Reports from cervical cancer screening programs in HIV care and treatment settings in Johannesburg, South Africa indicate as many as 200 per 100,000 cases of cervical cancer diagnosed per year [10, 11] . The HIV epidemic in South Africa plays a significant role in its cervical cancer incidence. The primary cause of cervical cancer is infection with human papillomavirus (HPV), and HIV infection in women has been shown to increase risks of HPV acquisition, persistent HPV infection, and progression to cancer [12] [13] [14] . Southern Africa bears the brunt of the global HIV epidemic; South Africa in particular has one of world's largest domestic HIV epidemics with an estimated 6.1 million persons living with HIV and HIV prevalence of 17.9% for adults aged 15-49 [15] . Vaccines exist today which can prevent infection with HPV; however, roll out of these vaccines in South Africa has only just begun in early 2014 in a limited school-based program [16] . Although this program has the potential to make a difference in the very long term, it will not eliminate the need for cervical screening, nor does it address the problems of vulnerability to HPV infection by older, HIV-positive and negative women today.
The standard of care for cervical cancer screening in South Africa is the Pap test followed by referrals for colposcopy, histological diagnosis and treatment as needed [17] . However, access to and coverage of this screening service remain low; for 2010/2011, screening coverage for cervical cancer, defined as the proportion of women over 30 years of age who have received at least one Pap smear every 10 years, was estimated at 52% nationally [18] .
Right to Care is a South African non-governmental organization that provides a range of health services and technical support for HIV/AIDS, tuberculosis (TB), STIs and cervical cancer through grants received from public and private sources. In 2013, cervical cancer screening services were provided annually by Right to Care to approximately 13,000 women across South Africa through various facilities. In November 2011, Right to Care started providing mobile van-based services in the Central Karoo district in Western Cape province (Fig. 1 ). An additional mobile unit was procured and started providing services in the Thabo Mofutsanyana District of the Free State province in April 2013. All areas of the Central Karoo are rural and sparsely populated (Fig. 2) ; whereas Thabo Mofutsanyana has a total population ten times that of the Central Karoo and multiple towns with populations of more than 50,000 persons [19] . Further characteristics of the two districts are in Table 1 .
While mobile clinics are an integral part of the South African public health system (the Western Cape provincial government has 113 mobile clinics [20] ), there have been few studies examining the costs of providing these mobile services [21, 22] . In order to inform future budgeting and planning for the provision of these services, we conducted a descriptive cost evaluation of the two mobile clinics operating in these areas.
Methods

Program data
The primary target population for services offered via the mobile clinics is women; however, male partners and single men are also welcome. Although cervical cancer screening is a priority, both mobile units provide a range of health services (see Table 2 for a full listing). Patients are not charged for health services received. All clients who present at the mobile vans are offered a general medical history taking, blood pressure (BP) check, TB symptoms screening, and STI and candidiasis symptoms screening. Women are also offered a breast exam and cervical cancer screening, using a Pap test. The smears are collected and then sent to the National Health Laboratory System (NHLS) for review, according to the standard of care within the public health care sector. Results are sent both to the mobile unit and the local primary health care clinic; women with results requiring follow-up, including colposcopy, are referred to an appropriate public sector facility. Both units refer patients to local facilities if any general medical problems or TB symptoms are reported, or for cases of reported rape or other gender-based violence and for preventative services such as voluntary medical male circumcision.
The mobile unit in Thabo Mofutsanyana also refers individuals reporting STI/candidiasis symptoms as, at the time of the study, it was not equipped to provide the treatment required. In contrast, the mobile unit in the Central Karoo is able to provide medications for reported STI/candidiasis symptoms. This is done following South Africa's syndromic management guidelines which prescribe treatment for "syndromes" rather than confirmed laboratory diagnosis of a condition [23] . The Central Karoo unit is also able to provide contraception when requested; however, as is the case in many of South Africa's public facilities, this is limited to injectables and oral contraceptive pills (see Table 3 for specific types), and male and female condoms. The unit also distributes male and female condoms to other health facilities and distribution points. Finally, the Central Karoo unit also offers HIV counselling and testing (HCT). Individuals testing HIV-positive are referred for HIV staging, care and/or treatment to the nearest health facility offering these services.
Procurement and preparation of the vans to serve as mobile units was funded through a grant from a private local foundation. Medications (when dispensed) and consumables are procured by the provincial Departments of Health and distributed to the mobile units through public sector channels. Both vans employ a nurse and a driver who operate the mobile units four to five days per week using a variable route and schedule. The driver also assists as a lay counsellor for HCT and cervical cancer education. Both district programs keep daily statistics in terms of the number of patients visiting the mobile unit and the types of services provided (see Table 2 for patient volumes by service and by district); these numbers are reported to the funder and to the government's district health information system. The programs also have vehicle logs recording kilometers travelled and program reports indicating communities served.
The CHEERS checklist was used in the preparation of this manuscript [24] . No patient-level data were evaluated for this costing study; a waiver was obtained from the Human Research Ethics Committee of the University of the Witwatersrand. 
Cost data
The analysis takes a provider perspective at the level of a facility (i.e. the mobile van). Costs incurred above the level of the facility, e.g. for district, provincial and national management of health care services, were excluded; only costs directly incurred for the mobile facility were included. Program service volumes were collected for the period 1 October 2012 to 30 September 2013 for the Central Karoo site and 1 April to 30 September 2013 for the Thabo Mofutsanyana site. Costs were collected through review of program expenditure records and/or national public sector pricing information [25] [26] [27] [28] . All costs were collected in the local currency, the South African Rand, and inflated to 2013 costs using the South African Consumer Price Index [29] and converted to US dollars using an average exchange rate for the study period (9.27 South African Rand per US dollar) [30] . Variable costs, reported in Table 3 , are defined as those costs which vary with patient volumes and the specific services provided. These include the medications and consumables required to provide the care on offer in each of the mobile vans. Ingredients-based costing, which relies on a standard "recipe" for service delivery, was used to determine the variable costs per service. For HCT and cervical cancer screening, ingredients-based costs were multiplied by reported service volumes. In addition, for HCT, the local testing algorithm indicates a repeat (i.e. confirmatory) test for all persons testing HIV-positive; thus an average positivity rate of 10% (based on program records) was assumed to create the weighted average cost of testing per person. To determine an average cost per women seen for STI/candidiasis treatment, because the medication dispensed varied based on the "syndrome" diagnosed by the nurse, detailed statistics kept for three months indicating treatment dispensed for STIs/candidiasis were used to construct weighted averages. These were then applied across all women noted to have received STI/candidiasis treatment for the evaluation period. For contraception, which also varied depending on the request, monthly statistics of the quantities of specific injectable and oral contraceptives dispensed were available for the entire study period and were used to create a weighted average per patient cost for these contraceptive methods. Finally, for condoms, no patient-level statistics are kept. Therefore, in line with general practice in public facilities, it was assumed that each patient who visited the vans received six male condoms and that 20% of women also received three female condoms. Then a weighted average cost for male and female condoms was calculated and applied across all patients reported to have received condoms.
Additional services provided which required use of equipment and staff time, but which did not consume medications or supplies were considered to have zero variable cost and therefore were excluded from Table 3 . These included the general medical history taking, BP check, TB symptoms screening, STI and candidiasis symptoms screening, and breast exam. Fixed costs, as per standard definitions for costing of health services [31] , were defined as costs incurred regardless of the number of patients who utilized the mobile clinic. Fixed costs are reported as annualized figures in Table 4 . These include equipment costs (e.g. the vehicle, fittings within the vehicle for cupboards and an examination couch, and medical equipment), vehicle and mobile clinic operating costs and staff. Staff was considered a fixed cost because the nurse and the driver were available at the mobile clinic regardless of the number of women accessing the clinic and regardless of the type of services the women received during their visit. Also, the staff contracts were a set cost for the time period (12 months) being analyzed here.
Annualized costs were calculated for equipment using an annual discount rate of 5% for consistency with other health economics evaluations [31] ; 5% was also the average repo rate for South Africa in 2013 [32] , over an assumed five years of use. Fixed operating costs were calculated as an average cost per year based upon expenditure records showing resource utilization for the program. The nurse and driver operating the vehicles are employed by Right to Care; salaries at Right to Care are aligned to public sector salary scales for health care workers. For this reason and for comparability to public sector services, public sector salary scales [33] were applied for the nursing staff in this analysis. All salaries are reported inclusive of benefits (e.g. pension, medical insurance, etc.) and are reported as total cost to employer. Total program costs per year were calculated as the sum of the fixed and variable costs for each district. An average cost per patient seen was calculated by dividing the total costs by the total number of patients who received one or more services from each of the mobile units. The six months of patient statistics for Thabo Mofutsanyana were multiplied by two in order to create an estimated annual total.
Patient costs for accessing services were not collected, and are thus excluded from this analysis. In addition, the services provided in the vans do not require any additional training above the standard certifications or qualifications for the positions; therefore, no training costs are included. Total annual fixed costs $92,898 ǂ Total costs for equipment are discounted at 5% per annum and annualized over 5 years as described in Methods. If no discount was applied (0% per annum), the total would have been $12,715 or $1,970 less.
For the Thabo Mofutsanyana district, fixed costs were adjusted from 6 to 12 months to allow for presentation of annual figures. * Staff costs did not vary over the 12 months analyzed and did not vary according to the number of patients seen or the types of services provided and thus are included as fixed costs. doi:10.1371/journal.pone.0119236.t004
Results
As shown in Table 3 , the variable cost and also the marginal cost of providing an additional Pap smear was $6.94 in both districts. Eighty-one percent of the variable cost for Pap smears was the NHLS laboratory charge, which included the cytology, transport of specimen, and standard consumables for specimen collection. For the mobile clinic in the Central Karoo, which offers a range of SRH services, Pap smears were the most expensive service provided. The variable costs of HCT averaged $1.01 per person tested including repeat rapid tests for persons with reactive initial tests, as per national testing algorithms. The variable cost of managing STIs/candidiasis for patients was the cost of treatment provided, the weighted average of which was $1.63 per patient. For contraceptive and condom provision, the marginal costs (again based on a weighted average cost) were $0.64 and $0.54 respectively.
Annualized fixed costs, shown in Tables 4 and 5 , included establishing the equipped mobile clinic, clinic operating costs, and staff salaries for the two mobile units. These costs were the same at both sites. Kilometers travelled varied per month, but they were similar when comparing both districts. An average monthly distance travelled (2,366 km) was calculated incorporating the 18 months of data available from both districts (i.e. 12 months from the Central Karoo and six months from Thabo Mofutsanyana) and applied to both sites. As a result, as shown in Table 4 , the average annual fixed costs for the van-based services totaled $92,898 at both sites. Annual cost-to-employer salaries ($64,089) for the nurse and driver/lay counsellor accounted for 69% of the overall annual fixed costs. Table 5 provides total annual costs (fixed and variable) and average per patient costs for each district separately. Patient volumes and services offered were different for each of the districts, and thus the total annual cost and total variable cost varied by district. Variable costs for the year totaled $16,337 for the Thabo Mofutsanyana district, and $5,639 for the Central Karoo. In the Thabo Mofutsanyana district, the total variable costs for the year was equal to the costs of providing cervical cancer screening services; whereas in the Central Karoo, provision of cervical cancer screening comprised 71% of the total variable costs. Considering both fixed and variable costs, the annual cost of providing mobile services in Thabo Mofutsanyana was $109,235, and the average annual cost for each of the estimated 2,370 women who might access the service over a 12-month period would be $46.09. In contrast, the annual cost of providing mobile services in the Central Karoo was $98,537, and the average cost for each person who utilized the service (n = 1,296) was $76.03. Although many of the patients received multiple services from the Central Karoo mobile clinic, the average cost per patient was higher because of the overall smaller number of patients seen. Fixed costs accounted for 94% and 85% of the annual cost of the mobile services programs in the Central Karoo and Thabo Mofutsanyana, respectively.
Discussion
Fixed costs accounted for a significant proportion of the total annual costs of providing cervical cancer screening and other SRH and primary health care services via a mobile clinic in two rural districts, and the largest contributor to annual fixed costs was staff salaries. Thus, the cost of ensuring that rural communities have access to public health services through mobile clinics is largely driven by the cost of having a nurse and lay counsellor/driver available to provide these services. As this study was limited to program statistics and did not access patient-level records, further assessment of how staff time was spent was not possible. Future research into allocation of staff time across services may be useful in improving efficiency, given the high proportion of total costs for staff.
Fixed costs for both districts were the same as equipment can be procured centrally and distributed to remote areas without production capacity and as salaries for health care workers are also set centrally. Thus, the fixed costs calculated here can be reasonably applied to other rural districts in South Africa. Low patient volumes in the Central Karoo led to a much higher total (fixed plus variable) cost per patient ($76.03 compared to $46.09 in Thabo Mofutsanyana); sparse population is also the reason that the Central Karoo district has the highest per capita primary health care expenditure by the South Africa government [19] . For per patient costs, district population density per square kilometer should be used to consider which district costs calculated here are more applicable.
The variable cost of providing a Pap smear was $6.94 in both districts; most of this cost was for the laboratory charge which included the collection supplies, test and transport of the specimen and results. Marginal costs for providing additional, integrated services to the women, such as provision of contraceptives, management of STIs, HCT and TB screening were minimal in comparison. In addition, offering medical history screening, BP checks, TB and STI/ candidiasis symptoms screening and a breast exam required no additional costs as a result of no additional consumables or supplies being needed to provide these services. Thus, especially in remote areas where patient volumes do not exceed the capacity of the nurse offering services, incorporating multiple SRH and other primary care services within a program for cervical cancer screening is one way to potentially expand access to a broader range of services without added costs.
Limitations
This was a cost analysis and as such did not include the outcomes or effectiveness of the programs described. Other limitations of the study include the shorter period for analysis of services in Thabo Mofutsanyana. Our decision to multiply the six-month patient volumes by two to obtain annual figures may have under-or overestimated the services provided. Further, the evaluation period for Thabo Mofutsanyana began as service delivery started there; analysis of the program records from the start-up period in the Central Karoo indicate that initial patient volumes were much lower than the patient volumes achieved currently.
Conclusions
In under-resourced settings, such as rural South Africa, women's access to cervical cancer screening and other reproductive health and primary care services is often limited. Mobile vans equipped as clinics are one possible solution for improving access in these settings. Having skilled staff, in this case a nurse and lay counsellor/driver, is essential for the success of the program. Although some services can be provided with no added cost, as a result of no consumables or medications being required, the staff's time is not unlimited, and trade-offs regarding which services to offer and/or prioritize should take into account local need.
